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ABSTRACT 



We report on results from a 2003 February IN- 
TEGRAL observation of the black hole candidate 
(BHC) 4U 1630-47 and the high energy sources in 
the Norma Region of the Galaxy and on RXTE 
and radio observations of 4U 1630-47. To date, 
there have been 38 new or previously poorly studied 
sources found by INTEGRAL (the "ICR" sources), 
and 15 of the IGR sources are in the field of view of 
our observation. We detect 12 of the 15 sources, and 
we speculate that a subset of the IGR sources may 
be part of a new population of persistent, hard, in- 
termediate luminosity X-ray sources. During our ob- 
servations, 4U 1630-47 was in an intermediate state 
with strong soft and hard components, a power-law 
index of Y = 2.11-2.18, a 4% rms level of timing noise 
(0.1-10 Hz), and the source was not detected in the 
radio band. We discuss the evolution of the energy 
spectrum during the 293 ks INTEGRAL observation, 
and we report on rapid, high amplitude flaring be- 
havior that has been seen for much of the 2002-2004 
outburst. 



Key words: accretion, accretion disks — black hole 
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1. INTRODUCTION 



The X-ray flux observed from transient X-ray bi- 
naries changes by several orders of magnitude be- 
tween quiescence and outburst, providing an op- 
portunity to learn about black hole candidates 
(BHCs), accretion onto compact objects, and the 
processes responsible for high energy emission. Al- 
though these objects are known to emit hard X- 
rays and gamma-rays, the origin of this emission 
is not well-understood. The high energy emission 



provides a probe of the regions of space close to 
the compact object, allowing us to study strong 
gravity and jet formation processes. 4U 1630-47 
is among the most active of the BHC X-ray tran- 
sients and has produced strong hard X-ray emission 



durin g its 17 detected ou tburs ts iTTbmsick fc Kaaret , 
20001 lOosterbroek et allll998UKuulkers et all 11997 



P^rmar*^tndTTT997|) as well as high ly polarized ra- 



dio emission ijHiellming et allll999|) . indicating the 
presence of jets. The current outburst from 4U 1630- 
47, which began in 2002 September, is one of the 
brightest and longest recorded outbursts from this 
system, and we had the opportunity to observe 4U 
1630-47 with INTEGRAL in 2003 February. 

Due to the large INTEGRAL field of view, we also 
detect many other hard X-ray sources in the vicinity 
of 4U 1630-47. Several of the sources were unknown 
or poorly studied prior to INTEGRAL and have 
"IGR" designations. Although we are just beginning 
to understand the nature of the IGR sources, many 
of these appear to be highly absorbed (Ah = 10 23-24 
cm" 2 ), and some of them are bright IR sources 



Ce.g.. iMatt & Guainazzl 120031 IWalter et all 120041: 
iPatel et all 120041 and papers by Foschini, Walter, 
and others in these proceedings). The concentration 
of IGR sources near 4U 1630-47 is almost certainly 
due to the location of the source in the Galactic plane 
(I = 336.91°, b = +0.25°). This is in the Norma re- 
gion of the Galaxy, and the line of sight to 4U 1630- 
47 is tangent to the Norma-Scutum Galactic arm. 
Below, we present our results on: The hard X-ray 
sources detected by INTEGRAL in the Norma re- 
gion; and X-ray and radio observations of 4U 1630- 
47. 



2. OBSERVATIONS 



We obtained the following observations of 4U 1630- 
47 for this project: 

• INTEGRAL: Our observations with INTEGRAL 
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lasted from UT 2003 February 1, 5.7 h to UT 2003 
February 5, 7.9 h, with a total of 293 ks on source. 

• RXTE: 4U 1630-47 has been monitored through- 
out the current outburst with the Rossi X-ray Tim- 
ing Explorer (RXTE). Five RXTE observations oc- 
curred during or within a day of the INTEGRAL 
observation, yielding 43 ks with the Proportional 
Counter Array (PCA) and 28 ks with the High En- 
ergy X-ray Timing Experiment (HEXTE). 

• Radio: We observed 4U 1630-47 on 2003 January 
26 and 27 at 4.8 and 8.6 GHz. The target was not 
detected with an rms level of 0.1 mJy. 



3. RESULTS 



3.1. The Norma Region Sources 




Figure 1. 20-40 keV ISGRI significance image from 
our 2003 February 293 ks INTEGRAL observation. 
Detected sources that we identified are marked with 
larger circles, and IGR sources reported in other ob- 
servations that are not detected in our observation 
are marked with smaller circles. 

Figure n shows the 20-40 keV IBIS image from our 
2003 February observation of 4U 1630-47. The field 
of view covered by IBIS includes 15 of the 38 IGR 
sources that have been found to date (as of 2004 
March). Thus, this relatively long single exposure 
provides a useful study of a significant subset of the 
IGR sources. Table 1 lists the 15 IGR sources along 
with detection significances (SNR = signal-to-noise 
ratio) and ISGRI count rates or upper limits. We 
detect 12 out of 15 of the IGR sources, and we note 
that we used these data to report the discover y of 
three of the sources ijTomsick et all 120031 12004]) . In 
addition, the table gives information about identifi- 
cations or possible identifications with other high en- 
ergy sources or with sources at other wavelengths. In 
many cases, this information is in the discovery refer- 
ences (also given in the table), and we also searched 
the SIMBAD database to look for likely or possible 
identifications. The density of sources within about 



4° of 4U 1630-47 is especially high, and Figure H 
shows a close-up of this region. 




Figure 2. Close-up of the Norma Region. The image 
intensity scale and source markings are the same as 
for Figure^ and this is also a 20-40 keV image. 



3.2. 4U 1630-47 

Figure H) shows the RXTE All-Sky Monitor (ASM) 
1.5-12 keV light curve for 4U 1630-47 for the cur- 
rent outburst (which is still in progress as of 2004 
March). The peak flux of about 60 ASM is about 
50% higher than the peak of the previous four out- 
bursts occurring during the RXTE era. The 2003 
February INTEGRAL observation (marked on Fig- 
ure Ob) occurred during a time when the soft X-ray 
flux was decaying, but the hard X-ray flux was still 
relatively strong. Although strong, Figure shows 
that the 20-40 keV flux declined during the obser- 
vation. The nearly continuous ISGRI light curve 
indicates that the decline proceeded in a relatively 
gradual manner, and this figure also shows the 20-40 
keV count rates for the PCA and HEXTE for the 
five RXTE pointings. 

We extracted energy spectra for the ISGRI and 
SPI instruments on-board INTEGRAL and for the 
RXTE instruments PCA and HEXTE, and the fit- 
ted spectrum is shown in Figure 0] The spectrum is 
fitted with a m odel that has been used f or previous 
outbursts (e.g., iTomsick fc KaaretL 12000) consisting 
of a disk-blackbody with kT in = 0.80 ±0.03 keV plus 
a power-law with a photon index of T = 2.09 ± 0.03. 
The model also includes interstellar absorption, a 
smeared iron edge, an iron emission line, and a 
high energy cutoff with a cutoff energy of 27 ± 4 
keV and an exponential folding energy of 233 ± 40 
keV. The PCA normalization is fixed to 1.0 and the 
other instrument normalization are left free, giving 
0.811 ± 0.005 for HEXTE, 0.60 ± 0.01 for ISGRI, 
and 1.36 ± 0.13 for SPI. Thus, the normalizations 
are not consistent between instruments. We have 
extracted power spectra using the PCA data. The 
power spectrum is well-described by a band-limited 



3 



Table 1. jU 1630-47 and IGR Sources 
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a Here, we give the ISGRI count rate in the 20-40 keV band. The RXTE and INTEGRAL observations of 4U 1630-47 reported 
below can be used to obtain an approximate flux calibration. For 4U 1630-47, the 20-40 keV flux measured by HEXTE is 
2.7 X 10~ 10 erg cm" 2 s" 1 , and the ISGRI count rate is 3.75 c/s. Thus, 1.0 ISGRI c/s ~ 7.2 X lO" 11 erg cm" 2 s" 1 (20-40 
keV) ~ 6.5 mCrab. 

b See Chaty & Filliatre in these proceedings. 

c Pulsations reported in lPatel et alJ i2004Tl . 



noise component plus a power-law at low frequencies, 
and the 0.1-10 Hz fractional rms amplitude is 4%. 
The moderate level of timing noise and the strong 
power-law component in the energy spectrum indi- 
cate that the source was in an intermediate state 
between the canonical Soft and Hard states (See 
iMcClintock & Remillardl. [2003. for a recent review 
of black hole spectral states.). 

For the five RXTE observations, fcTi„ and V range 
from 0.74-0.82 keV and 2.11-2.18, respectively, but 
neither parameter correlates with the overall flux. 
Also, it is notable that the total disk-blackbody flux 
does not correlate with the total flux. The change in 
the total flux is driven by the change in the power- 
law normalization. The other quantity that is sig- 
nificantly different between observations is the high 
energy cutoff. A cutoff is only required at high signif- 
icance for the second spectrum from the top, and the 
cutoff is not as sharp for the bottom two spectra. Of- 
ten BHCs pass quickly through intermediate states, 
and these observations represent a useful study of 
the spectral evolution during intermediate states. 

For much of the current 2002-2004 outburst, 4U 
1630-47 has shown dramatic X-ray flaring behav- 
ior that is uncommon, although rapid, high ampli- 
tude flux changes have been reported for at least 
one previous outburst Ipieters et all l2000j) . Fig- 
ure^ shows an example of this behavior from a 2003 
May RXTE observation. Although not shown in this 
work, we made a hardness-intensity diagram for this 
light curve, indicating that there is a tight correla- 
tion between hardness and intensity. 



4. SUMMARY AND CONCLUSIONS 

• Fifteen of the 38 IGR sources are in the 4U 1630- 
47 field. Only three of the sources are not detected, 
indicating that as many as 12 of the sources are per- 
sistent. It is possible that a subset of the IGR sources 
are part of a new population of persistent, hard, in- 
termediate luminosity X-ray sources. 

• For much of its current outburst, 4U 1630-47 has 
shown dramatic flaring that is reminiscent of the 
flaring seen from GRS 1915+105. For 4U 1630-47, 
the hardness and intensity are correlated during the 
flares, indicating that these are hard flares that are 
related accretion (and possibly ejection) mechanisms 
rather than being due to, e.g., absoption from the 
outer edge of the disk. 

• The ISGRI light curve (FigureOt) and the spectra 
shown in Figure |3] show that 4U 1630-47 spectrum 
gradually changed, and the main change is in the 
normalization of the power-law component. 

• The RXTE spectra indicate that the high energy 
cutoff also changes during the observations, and this 
sort of evolution must be kept in mind when com- 
bining INTEGRAL data from long observations. 
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Figure 3. 4-U 1630-4-7 X-ray light curves measured 
by (a) ISGRI, PC A, and HEXTE, (b) the RXTE 
ASM, and (c) the PC A. The ASM light curve for 
the current outburst is shown in (b). 20-40 keV light 
curves are shown in (a). An example of the 4U 1630- 
47 X-ray flares is shown in (c). 
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Figure 4. The INTEGRAL and RXTE 3-2000 keV 
energy spectrum. The exposure time for INTEGRAL 
is 293 ks, while the exposure time from the PCA is 
43 ks, and the exposure time for HEXTE is 28 ks. 
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Figure 5. RXTE PCA and HEXTE energy spec- 
tra for the five observations made during or close to 
the time of the INTEGRAL observation. Figure\^a 
shows that the flux was gradually falling, and the 
spectra are in chronological order from top to bottom. 



